• The paper focuses on define newly modal operators over GIVIFSs.
INTRODUCTION
Atanassov [1] introduced the concept of intuitionistic fuzzy sets (IFSs), which is a generalization of Zadeh's fuzzy sets [2] and defined new operations on IFSs. In IFSs, each element is assigned by membership and non-membership degrees, where the sum of the two degrees is between zero and one. However, in reality, it may not always be true that the degree of membership and degree of non-membership of an element in IFS be real numbers. Therefore, a generalization of IFS was introduced by Atanassov and Gargov [3] as interval valued intuitionistic fuzzy sets (IVIFSs) which its fundamental characteristic is that the values of its membership and non-membership degree are intervals rather than exact numbers. After the introduction of IVIFSs, many researchers have shown interest in the IVIFSs theory and applied it to the various field. Interval valued intuitionistic fuzzy sets is used to model uncertainty, imprecise, incomplete and vague information. Atanassov [4] introduced operators over IVIFSs. Xu [5] , Xu and Jian [6] and Wei and Wang [7] developed some arithmetic aggregation operators and some geometric aggregation operators of IVIFS for decision making. Wang and Liu [8] considered the interval valued intuitionistic fuzzy hybrid weighted averaging operator based on Einstein operation and its application to decision making. They defined generalized interval valued intuitionistic fuzzy relation with some results. Bhowmik and Pal [9, 10] defined generalized interval valued intuitionistic fuzzy sets (GIVIFSs). Bhowmik and Pal [11] defined two composite relations, four types of reflexivity and irreflexivity of GIVIFSs with some of their properties. Also they define two operators C and I with some properties over GIVIFSs.
Li [12] [13] [14] , Yue [15] , Chen et al. [16] , Bai [17] and Wang and Chen [18] presented methods for handling multi-criteria fuzzy decision making based on IVIFS. Mondal and Samanta [19] studied the topological properties and the category of topological spaces of IVIFSs. Zhang et al. [20] introduced a generalized interval valued intuitionistic fuzzy sets. Sudharsan and Ezhilmaran [21] defined two new operators over interval valued intuitionistic fuzzy sets. A novel way introduced to fuse several images using interval valued intuitionistic fuzzy sets by Ananthi and Balasubramaniam [22] . They prove that IVIFSs are more suitable for fusion of such uncertain images. Meng et al. [23] analyzed a method to multi-attribute decision making with interval valued intuitionistic fuzzy information problems using prospect theory based on the interval valued intuitionistic hybrid weight averaging operator. Reiser and Bedregal [24] studies the conjugate functions related to main connectives of the interval valued intuitionistic fuzzy logic.
One motivation for our study has been the significant performance achieved by the use of operators over IVIFSs implications in some applications. For example, some applications of operators have been: medical diagnosis (Ahn et al. [25] , Ezhilmaran and Sudharsan [26] ); decision making problem (Bhowmik and Pal [11] ); exploitation investment evaluation (Qi et al. [27] ); mathematical programming (Wang et al. [28] ); evaluation about the performance of e-government (Zhang et al. [29] ); multiple attribute group decision making (Tan et al. [30] ); supplier selection with multi criteria group decision making (Makui et al. [31] ); medical diagnosis using logical operators (Pathinathan et al. [32] ); enterprise e-marketing performance evaluation (Zhou, [33] ); etc.
Baloui Jamkhaneh and Nadarajah [34] considered a generalized intuitionistic fuzzy sets (GIFS B ) and introduced some operators over GIFS B . Afterwards, level operators, modal-like operators, modal operators and some operations were introduced on GIFS B in Baloui Jamkhaneh [35] , Baloui Jamkhaneh and Nadi Ghara [36] , Baloui Jamkhaneh and Nadarajah [37] , Baloui Jamkhaneh and Garg [38] . Baloui Jamkhaneh [39] considered generalized interval valued intuitionistic fuzzy sets (GIVIFS B s), dealing with uncertainty and vagueness. Afterwards, some operations were introduced on GIVIFS B in Baloui Jamkhaneh [40] . Definition 2.6. The degree of non-determinacy (uncertainty) of an element x ∈ X to the GIVIFS B A is defined by iii. The Necessity measure on A:
The Possibility measure on A:
THE MODIFIED MODAL OPERATORS OF
Here, we will introduce new operators over the GIVIFS B , which modified some operators due to Baloui Jamkhaneh [41] related to GIVIFS B . Let X is a non-empty finite set and
Definition 3.1. Let A ∈ GIVIFS B and α ∈ [0,1], we define the operator of D α (A, δ) (in summary, we will show as D α (A)) as follows
It can be easily shown that π D α (A)L (x) = 0.
Proof. The proof of part (i) is straightforward.
(ii) Note that
The proof is complete. Proofs of (iv) and (v) are obvious.
vi.
Proofs of (ii) and (iii) are obvious. (v) Since D 0 (A) = F 0,1 (A) by using Theorem3.1 it follows that F 0,1 (A) = □A.
(vi) Since D 1 (A) = F 1,0 (A) by using Theorem3.1 it follows that F 1,0 (A) = ◊A.
(vii) We have
̅̅̅̅̅̅̅̅̅ . The proof of part (viii) is straightforward.
(ix) It follows from the fact that β ≤ 1 − α. The proof of (iii) is similar to that of (ii). Proofs of (iv), (v) and (vi) are obvious. It can be easily shown that π d α (A)L (x) = 0. 
Proof. The proof of (i) is obvious. This completes the proof.
(iv) The proof of this paper is analogous to the proof of part (vi) in Theorem 3.2. The proof of part (v) is straightforward. ii.
Proof. Proof of the theorem is obtained directly from the definitions. ii.
iii. Proof. Proof of the theorem is obtained directly from the definitions. ii. Proof. It follows from the fact that g 1 (δ) = (a δ + αb δ ) 1 δ is decreasing and g 2 (δ) = a 1 δ is increasing. ,i=1,2, it holds that i.
ii.
iii.
iv.
vii.
viii. 
Remark 3.2.
According to definitions and examples, only the upper bound increases for any new operator that increases the degrees. Correspondingly, the upper and lower bound increases for any operator that increases the degrees in the operators of Baloui Jamkhaneh [41] . From these comparison results, it can be seen that the proposed operators have more general parameters.
CONCLUSIONS
We have introduced modified modal types of operators over Baloui's generalized interval valued intuitionistic fuzzy sets and their relationships are proved. We show that these operators are GIVIFS B . Some proven relationships between operators are shown in Table 1 . For example, cell (1,1) shows that 
